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Introduction {#onco13310-sec-0003}
============

Neurofibromatosis type 1 (NF1) is a common autosomal dominant tumor predisposition syndrome affecting approximately 1 in 3,000 individuals at birth [1](#onco13310-bib-0001){ref-type="ref"}, [2](#onco13310-bib-0002){ref-type="ref"}. NF1 is associated with a number of clinical manifestations including café‐au‐lait macules, axillary/inguinal freckling, Lisch nodules, skeletal abnormalities, and learning disabilities. Individuals with NF1 are at risk for the development of both benign and malignant tumors throughout their lifetime, with the most common neoplasms being cutaneous neurofibromas, plexiform neurofibromas (PNs), and optic pathway or other low‐grade gliomas. Although some tumors in NF1 are associated with few to no symptoms, others can have a significant impact on an individual\'s appearance and/or function. NF1 is caused by the loss of neurofibromin, the protein product of the *NF1* gene. Neurofibromin is a ras‐GAP protein, a negative regulator of RAS signaling. Loss of functional neurofibromin results in activation of the classic RAS‐MAPK signaling cascade, cell proliferation, and subsequent tumor formation. NF1 is a classic tumor suppressor disorder, with tumor cells demonstrating biallelic loss of the functional *NF1* gene. Mitogen‐activated protein kinase kinase (MEK1/MEK2) is a kinase in the RAS‐MAPK pathway, which phosphorylates and activates MAPK (mitogen‐activated protein kinase). Overactivation of the RAS‐MAPK signaling cascade has been implicated in the development of a number of malignancies; perhaps the most well known is melanoma. In melanoma, inhibition of the signaling pathway components RAF and MEK results in improved response rates and overall survival in comparison with conventional chemotherapy or BRAF inhibitors alone [3](#onco13310-bib-0003){ref-type="ref"}, [4](#onco13310-bib-0004){ref-type="ref"}, [5](#onco13310-bib-0005){ref-type="ref"}, [6](#onco13310-bib-0006){ref-type="ref"}. Clinical trials evaluating MEK inhibitors in NF1 patients with two different tumor types, low‐grade gliomas and plexiform neurofibromas, have shown encouraging results. Table [1](#onco13310-tbl-0001){ref-type="table"} outlines the NF1‐specific recently published or ongoing clinical trials. As an overall well‐tolerated treatment for NF1‐associated complex and inoperable tumors, MEK inhibitor therapy is likely to become more widely used in the NF1 population. To aid clinicians who may not have experience with the use of this class of agents, the Clinical Care Advisory Board of the Children\'s Tumor Foundation has developed this review to present an overview of the use of MEK inhibitors in the NF1 population, covering relevant clinical trial results, common side effects, basic symptom management, recommended screening guidelines, and patient counseling approaches.

###### 

Current state of MEK inhibitor trials in neurofibromatosis type 1

  MEK inhibitor   FDA approved indication   NF‐focused trial         Status
  --------------- ------------------------- ------------------------ ----------------------------------------------
  Binimetinib     Melanoma                  Phase II, LGG and PN     Ongoing
  Cobimetinib     Melanoma                  None                     None
  Mirdametinib    None/Orphan Drug Status   Phase II, PN             Completed, Weiss (2018)
  Selumetinib     None/Orphan Drug Status   Phase I/II, LGG and PN   Dombi (2016); Gross (2018); Fangusaro (2019)
  Trametinib      Melanoma                  Phase II, PNs            McCowage (2018)

Abbreviations: FDA, Food and Drug Administration; LGG, low‐grade glioma; NF, neurofibromatosis; PN, plexiform neurofibroma.

Low‐Grade Gliomas {#onco13310-sec-0004}
=================

Low‐grade gliomas (LGGs) are benign tumors of the glia in the brain and are the most common brain tumor in the general pediatric population. Activating mutations in the Ras‐MAPK signaling pathway are found in a majority of pediatric patients, and individuals with NF1 are at increased risk for the development of LGGs [7](#onco13310-bib-0007){ref-type="ref"}, [8](#onco13310-bib-0008){ref-type="ref"}. LGGs in pediatric NF1 patients most commonly develop along the optic apparatus or in the brainstem [9](#onco13310-bib-0009){ref-type="ref"}. Compared with LGGs in the general population, LGGs associated with NF1 tend to be more indolent and usually require therapy only in the setting of symptomatic disease [10](#onco13310-bib-0010){ref-type="ref"}, [11](#onco13310-bib-0011){ref-type="ref"}, [12](#onco13310-bib-0012){ref-type="ref"}, [13](#onco13310-bib-0013){ref-type="ref"}. First‐line therapy for these patients is typically conventional chemotherapy including a carboplatin‐based regimen as surgical resection is often not feasible owing to tumor location. Radiation therapy is usually avoided when treating NF1‐associated LGG given the increased risk of vision loss, potential vascular changes such as moyamoya, and secondary malignancies [14](#onco13310-bib-0014){ref-type="ref"}, [15](#onco13310-bib-0015){ref-type="ref"}. Carboplatin‐containing regimens are effective at halting tumor progression for the majority of individuals with NF1 and a clinically progressive LGG, but in patients whose tumors continue to progress, morbidity associated with the tumor can be quite high and novel therapy is essential [16](#onco13310-bib-0016){ref-type="ref"}, [17](#onco13310-bib-0017){ref-type="ref"}. Several individual or small series patient studies have demonstrated an encouraging response to MEK inhibition, including a recent case report of the MEK inhibitor trametinib in a child with NF1 and a refractory LGG [18](#onco13310-bib-0018){ref-type="ref"}. A recently published phase II study of selumetinib in recurrent LGGs in NF1 patients evaluated 25 patients, 40% of whom demonstrated a partial response to the medication. In addition, 96% of patients had 2 years of progression free survival and only one subject had progression of their tumor while on therapy [19](#onco13310-bib-0019){ref-type="ref"}, [20](#onco13310-bib-0020){ref-type="ref"}. Of the NF1 patients treated, 68% had no tumor progression, even while off selumetinib for 25--40 months. Given these initial results, MEK inhibition may represent a novel and promising therapy approach for NF1‐associated clinically significant LGGs. Although these data are very exciting, several caveats remain. First, although well tolerated in current trials for 1--2 years, the safety and potential long‐term toxicity of MEK inhibition is not yet known. Second, MEK inhibition has not yet been demonstrated to be equivalent to conventional chemotherapy in newly diagnosed NF1 patients requiring therapy. In order to explore this question, the Children\'s Oncology Group currently has recently opened a phase III trial randomizing between carboplatin/vincristine and selumetinib specifically in NF1 patients.

Plexiform Neurofibromas {#onco13310-sec-0005}
=======================

One of the most common and clinically problematic NF1‐associated tumors, PNs, arise in approximately 50% of individuals with NF1 [21](#onco13310-bib-0021){ref-type="ref"}, [22](#onco13310-bib-0022){ref-type="ref"}. PNs are benign, but often invasive, tumors of the peripheral nervous system made up of Schwann cells, blood vessels, fibroblasts, and *mast* cells. These tumors can arise along any group of peripheral nerves and can result in significant morbidity such as pain, disfigurement, neurological deficits, and local organ compromise. PNs are thought to be congenital, often becoming clinically apparent in young childhood, with the most rapid growth occurring prior to the adult years [23](#onco13310-bib-0023){ref-type="ref"}, [24](#onco13310-bib-0024){ref-type="ref"}. PNs are also associated with a risk of malignant transformation to malignant peripheral nerve sheath tumors, the leading cause of mortality in NF1 [25](#onco13310-bib-0025){ref-type="ref"}, [26](#onco13310-bib-0026){ref-type="ref"}, [27](#onco13310-bib-0027){ref-type="ref"}.

Until recently, therapy for PNs was limited to surgical debulking, which is often associated with subtotal resection, plexiform regrowth, and significant surgical risks [28](#onco13310-bib-0028){ref-type="ref"}, [29](#onco13310-bib-0029){ref-type="ref"}. Hence, there is a clear need for effective medical therapy for these tumors. As with LGGs, early‐phase plexiform clinical trials have shown promising response with the use of MEK inhibitors. In 2016, Dombi et al. demonstrated that inhibition of MEK with the oral inhibitor selumetinib in pediatric NF1‐associated PNs resulted in \>20% volumetric tumor shrinkage in 70% of patients [30](#onco13310-bib-0030){ref-type="ref"}. Response to selumetinib therapy in NF1‐associated PNs was further demonstrated in a phase II study (SPRINT) that showed improvement in motor skills as well as plexiform‐related quality of life measures such as pain [31](#onco13310-bib-0031){ref-type="ref"}. In response to the results of these early studies, selumetinib has been granted orphan drug status by the Food and Drug Administration (FDA) and is currently undergoing the process of FDA approval.

Mirdametinib, formerly known as PD‐0325901, has also received orphan drug status by the FDA for treatment of NF1 associated plexiform neurofibromas. In a phase II study in adolescents and young adults, 19 patients were treated and 42% demonstrated an objective response of \>20% shrinkage in tumor volume [32](#onco13310-bib-0032){ref-type="ref"}. Finally, in a phase II study of the MEK inhibitor trametinib, at least 50% of patients met the partial response target of \>20% plexiform volume reduction [33](#onco13310-bib-0033){ref-type="ref"}. Other trials using MEK inhibitors in NF1 are currently underway, including binimetinib for PNs in both pediatric and adult NF1 patients.

Of note, when assessing plexiform growth as well as treatment response in clinical trials, volumetric analysis is more sensitive in assessment of tumor response to therapy than standard magnetic resonance imaging two‐dimensional measurements [34](#onco13310-bib-0034){ref-type="ref"}. For institutions where volumetric assessment is not readily available, significant changes in tumor size may not be readily apparent on two‐dimensional measurements and functional/symptom improvement may provide a better marker of response.

Given the unprecedented response of PNs to this class of medications, there is significant excitement about their ongoing use and anticipated FDA approval. The selumetinib trials have also demonstrated that continued use of the medication is important, as breaks in therapy for side effects, procedures, or significant dose reductions can be associated with tumor regrowth [30](#onco13310-bib-0030){ref-type="ref"}. These results indicate that individuals with NF1‐associated PNs on MEK inhibitor therapy may need to remain on the medications for a significant length of time without frequent or prolonged time off for maximal benefit. As such, monitoring for and managing side effects becomes especially important, particularly as there are limited data about potential side effects and toxicities associated with long‐term use.

MEK Inhibitor Toxicity and Management {#onco13310-sec-0006}
=====================================

Overall, MEK inhibitors, particularly in pediatric patients, appear to be well tolerated but may have both mild and severe side effects that can affect quality of life and medication compliance. Table [2](#onco13310-tbl-0002){ref-type="table"} outlines the most commonly reported MEK inhibitor side effects in the trials of NF1 patients. Gastrointestinal toxicities, elevation of creatinine kinase, and skin toxicity (grading as per the National Cancer Institute Common Terminology Criteria for Adverse Events) are seen most frequently [20](#onco13310-bib-0020){ref-type="ref"}, [30](#onco13310-bib-0030){ref-type="ref"}. Abdominal pain, nausea, weight gain, and diarrhea are usually grade 1--2 for each of the MEK inhibitors and usually do not require dose adjustments. In the two pediatric selumetinib trials, creatinine kinase elevations and rash were the most common grade 3 toxicities. Fatigue was also commonly reported but did not generally require dosing adjustments. The most severe dose‐limiting side effects of MEK inhibitors involve dermatologic, cardiac, and ophthalmic toxicities.

###### 

Summary of the most common side effects of individual MEK inhibitors

  Side effect                 Mirdametinib     Selumetinib                          Trametinib
  --------------------------- ---------------- ------------------------------------ ------------
  Cardiac (decreased EF/SF)   NRD              38% (Gr 1--2); 2% (Gr 3)             NRD
  Diarrhea                    NRD              54% (Gr 1--2); 4% (Gr 3)             NRD
  Fatigue                     26% (Gr ≥2)      56% (Gr 1--2)                        NRD
  Nausea/vomiting             21% (Gr ≥2)      44% (Gr 1--2)                        NRD
  Ophthalmologic              No DL toxicity   No DL toxicity                       NRD
  Paronychia                  NRD              38% (Gr 1--2); 6% (Gr 3)             50%
  Rash/skin toxicity          53% (Gr ≥2)      52%--58% (Gr 1--2); 4%--10% (Gr 3)   40%

Percentages represent percentages of patients for each grade.

Abbreviations: DL, dose limiting; EF, ejection fraction; Gr, grade; NRD, not reported to date; SF, shortening fraction.

Dermatologic Toxicity {#onco13310-sec-0007}
---------------------

Dermatologic toxicity is the primary toxicity of MEK inhibitor use in children and adults and is seen in patients both with and without NF1. These toxicities include folliculitis, eczematous dermatitis, acneiform eruptions to the face (Fig. [1](#onco13310-fig-0001){ref-type="fig"}A), palmar‐plantar erythrodysesthesia syndrome (hand foot syndrome), photosensitivity, xerosis, pruritus, alopecia, lightening of hair color, and chronic paronychia (Fig. [1](#onco13310-fig-0001){ref-type="fig"}B). The majority of these adverse effects can be ameliorated with proper recognition treatment. Each MEK inhibitor has a slightly different reported frequency of skin toxicity reported in trials. Most dermatologic toxicities begin within the first 2 weeks of initiation of therapy [35](#onco13310-bib-0035){ref-type="ref"}. Most skin rashes are grade 1, but vemurafenib, trametinib, and selumetinib have the highest reported rates of grade 3 and 4 skin toxicity [36](#onco13310-bib-0036){ref-type="ref"}. In the pediatric selumetinib trials, 25%--40% of patients required dose reductions or therapy cessations as a result of dermatologic toxicity. Lower doses, however, did not affect response rates, indicating that lower doses may be effective and better tolerated [20](#onco13310-bib-0020){ref-type="ref"}.

![Skin toxicity associated with MEK inhibitors. **(A):** Acneiform rash in a postpubertal adolescent. **(B):** Paronychia in a child. Photo B credit to Dr. V. Oza, New York University School of Medicine.](ONCO-25-e1109-g001){#onco13310-fig-0001}

![Schema for management of skin toxicity associated with MEK inhibitors.](ONCO-25-e1109-g002){#onco13310-fig-0002}

Evidence‐based approaches for treating dermatologic toxicities specifically in individuals treated with MEK inhibitors are lacking. The following recommendations are based on expert opinion for the treatment of comparable skin conditions unless otherwise specified and are outlined in Figure [2](#onco13310-fig-0002){ref-type="fig"}.

Management of dermatologic toxicities should include both preventive measures and symptomatic treatments [37](#onco13310-bib-0037){ref-type="ref"}. Education regarding preventive management should commence with the initiation of MEK therapy for all patients in order to maintain skin moisture and minimize the risk of infection. Daily baths (not showers) using mild cleansers and a high‐quality skin moisturizer applied over the entire body twice a day and within 5 minutes after taking a bath is recommended. Bleach baths 3--4 times per week may reduce the risk of infection and ameliorate inflammation and pruritus [38](#onco13310-bib-0038){ref-type="ref"}. For a bleach bath, one‐quarter to one‐half cup of bleach is added to a full bathtub, or 1 tsp per gallon, and the patient soaks for 5--10 minutes, followed by a rinse with water and application of an emollient diffusely on the skin. Hair should be washed daily, and a selenium‐based shampoo can be used for a dry or itchy scalp. Products with added fragrance such as soaps, laundry detergent, and scented creams should be avoided. Ultraviolet light can trigger acneiform rash and skin inflammation in patients on MEK inhibitors. All patients should be advised to practice good sun safety including the use of cover‐ups, such as a wide‐brimmed hat and lightweight clothing that covers the skin. Sunscreen that contains zinc oxide or titanium dioxide should also be applied every 2--3 hours when outdoors and applied to the face daily even when not planning to be outdoors.

For prevention of facial acneiform rash, pimecrolimus cream and clindamycin lotion can be applied to acne‐prone areas (often the "T" zone) morning and night in postpubertal patients at initiation of MEK therapy. For patients who develop a mild acneiform rash despite preventive treatment, topical application of clindamycin 2% lotion and a low‐potency topical steroid such as hydrocortisone 1% lotion can be used twice daily. For moderate to severe acneiform rashes, oral antibiotic treatment is recommended. Doxycycline is typically prescribed for children 8 years of age or older, whereas cephalexin is used for children under 8. Antibiotics should be used for 4 weeks at a minimum and may be continued as long as the patient remains symptomatic.

Eczematous dermatitis can be treated initially with the topical application of pimecrolimus or low‐potency topical steroid such as hydrocortisone 2.5%. For more eczematous rashes that progress, we recommend a mid‐potency topical steroid such as triamcinolone 0.1% ointment applied twice per day until the rash resolves (typically 5--7 days).

Folliculitis can initially be treated with the application of clindamycin lotion to affected areas and the use of germicidal skin cleanser, such as chlorohexidine, in the bath daily. For moderate to severe folliculitis, oral antibiotic treatment is recommended as described above for acneiform rashes.

For patients who develop a mild paronychia, gentle nail care with moisturizers and antiseptic soaks with chlorhexidine for 10--15 minutes used 3--4 times per day are recommended. For moderate paronychia mupirocin, high‐potency topical steroids such as fluocinonide 0.05% ointment can be applied around the inflamed nails twice a day. In these cases, patients should be examined to rule out the presence of a superinfection, which might necessitate oral antibiotics, or an abscess or felon, which may necessitate incision and drainage [39](#onco13310-bib-0039){ref-type="ref"}.

Overall, early and aggressive management dermatologic toxicity associated with MEK therapy can minimize the need for breaks in treatment. In a phase II clinical trial of panitumumab (an epidermal growth factor receptor inhibitor) in adults with metastatic colorectal cancer, pre‐emptive management of skin toxicity using a regimen that included skin moisturizers, sunscreen, topical steroid, and doxycycline reduced the incidence of grade 2 or greater skin toxicities to 29%, compared with 62% of patients treated reactively [37](#onco13310-bib-0037){ref-type="ref"}. Providers should work closely with a dermatologist for management of moderate and severe skin toxicity. Despite symptomatic management, dose reductions and treatment holds may still become necessary. Dose reductions are commonly used and may not affect overall efficacy of MEK inhibitor therapy. If a dose reduction does not lead to resolution or improvement of symptoms, a drug hold should be considered.

Cardiac Toxicity {#onco13310-sec-0008}
----------------

Cardiac toxicity due to MEK inhibitor use is a rare, but significant, side effect. In early trials of trametinib in adults in melanoma, 7% of patients experienced a decrease in left ventricular ejection fractions of \>10% [40](#onco13310-bib-0040){ref-type="ref"}. In the majority of reported trials, the decline was asymptomatic, but grade 3 (or symptomatic) cardiac toxicity has been reported [41](#onco13310-bib-0041){ref-type="ref"}. Patients with a history of cardiac disease, such as QTc prolongation, arrhythmias, or uncontrolled hypertension, appear to be more at risk for serious cardiac toxicities. Melanoma clinical trials also demonstrated increased rates of cardiac toxicity including decreased ejection fractions for patients receiving trametinib. However, cardiac function was reported to normalize after discontinuation of therapy [3](#onco13310-bib-0003){ref-type="ref"}, [42](#onco13310-bib-0042){ref-type="ref"}, [43](#onco13310-bib-0043){ref-type="ref"}, [44](#onco13310-bib-0044){ref-type="ref"}. The NF1 pediatric published literature on this topic is limited, but cardiac toxicity has also been reported in a case report of a child on trametinib [45](#onco13310-bib-0045){ref-type="ref"}. In NF1 pediatric patients with PNs who were treated with selumetinib, an asymptomatic decrease in the ejection fraction was noted in one child (grade 3) in the highest dose range (above the current recommended dose) [30](#onco13310-bib-0030){ref-type="ref"}. The patient recovered during drug halt and the cardiac change did not recur when restarting therapy at a lower dose [30](#onco13310-bib-0030){ref-type="ref"}. In the pediatric LGG selumetinib trial, asymptomatic ejection fraction decreases were noted in 38% of patients, and one patient had grade 3 dysfunction [20](#onco13310-bib-0020){ref-type="ref"}.

Given the potential long‐term toxicity and reversibility of cardiac toxicity, most providers recommend routine cardiac monitoring while on MEK inhibitor therapy. As outlined in Table [3](#onco13310-tbl-0003){ref-type="table"}, an echocardiogram is often performed as a baseline assessment, after 1 month on therapy, and then every 3--6 months. Providers should also monitor patients for common cardiac symptoms such as peripheral edema, murmurs, and dyspnea. In the reported trials, left ventricular dysfunction developed as early as 2 weeks on therapy and as late as 2 years. For changes in left ventricular ejection fraction of \>10% from baseline, MEK inhibitor therapy should be held for up to 4 weeks (Novartis guidelines). If heart function returns to baseline within 4 weeks, a lower dose of the MEK inhibitor can be restarted. If left ventricular systolic function does not recover within 4 weeks, or the patient has ongoing cardiac symptoms, MEK inhibitor therapy should be permanently discontinued.

###### 

Proposed surveillance of patients on MEK inhibitors

  Examination                           Frequency
  ------------------------------------- -----------------------------------------------------
  Physical examination with vitals      At therapy start and then monthly
  Skin examination                      At therapy start and then monthly
  Laboratory evaluation                 At therapy start and then monthly
  Echocardiogram                        At start, after 1 month, and then every 3--6 months
  MRI evaluation of the affected area   At start and then every 3--6 months
  Ophthalmology evaluation              At start, after 1 month, and then every 3--6 months

Laboratory evaluation to include complete blood count, creatinine kinase; metabolic panel to include electrolytes, creatinine, glucose, and aspartate aminotransferase/alanine aminotransferase.

Abbreviation: MRI, magnetic resonance imaging.

Ophthalmic Toxicity {#onco13310-sec-0009}
-------------------

Ocular toxicities, particularly those involving the retina, have been reported with the use of MEK inhibitors and are thought to be a class effect of these medications. Ocular toxicities occur in a significant proportion of patients (10%--20%) and are usually associated with mild symptoms. The most common toxicities reported are dry eye, periorbital edema, and retinopathy [46](#onco13310-bib-0046){ref-type="ref"}. MEK inhibitor--associated retinopathy may present as blurred vision, photophobia, transient visual disturbances, and subretinal fluid [47](#onco13310-bib-0047){ref-type="ref"}, [48](#onco13310-bib-0048){ref-type="ref"}. It is usually associated with minimal symptoms and often does not require adjustments in therapy. However, in patients with significant retinopathy symptoms, cessation of therapy has been reported to improve the majority of symptoms. Retinal vein occlusion and bilateral retinal detachment with the potential for development of intraretinal cysts are the most significant ocular toxicities associated with MEK inhibitor use and may lead to permanent blindness. Fortunately, in adult MEK inhibitor trials, these serious retinal toxicities are reported in fewer than 1% of patients [46](#onco13310-bib-0046){ref-type="ref"}, [47](#onco13310-bib-0047){ref-type="ref"}.

Ocular toxicity has been reported less commonly in NF1 than in non‐NF1 clinical trials. In the pediatric PN selumetinib trial, serial ophthalmologic evaluation revealed only a grade 1 cataract, not clearly associated with MEK inhibitor therapy [30](#onco13310-bib-0030){ref-type="ref"}. No ocular toxicity was reported in the low‐grade glioma phase II selumetinib trial [20](#onco13310-bib-0020){ref-type="ref"}. Other MEK inhibitors in NF1 patients, such as binimetinib, are currently undergoing evaluation for efficacy as well as toxicity.

As ocular toxicities are a clearly documented side effect of MEK inhibitors, ongoing monitoring by an ophthalmologist is strongly recommended. Given that the majority of the retinopathy occurs early in therapy with MEK inhibitors in adults (as early as 2 weeks) [49](#onco13310-bib-0049){ref-type="ref"}, more frequent monitoring early in the treatment course is warranted. Most clinical protocols have recommended ophthalmologic evaluation at baseline prior to starting therapy, at 1 month of treatment, and then every 3--6 months thereafter. The ophthalmologic examination should be particularly focused on visual acuity (Table [3](#onco13310-tbl-0003){ref-type="table"}). Optical coherence tomography (OCT) can detect small retinal detachments and retinal fluid as well as evaluate the retina and choroid in real time, even when no symptoms are present (Fig. [3](#onco13310-fig-0003){ref-type="fig"}) [47](#onco13310-bib-0047){ref-type="ref"}, [50](#onco13310-bib-0050){ref-type="ref"}. The utility of OCT in regular screening of NF1 patients on MEK inhibitor therapy, however, has not yet been established. Where available, it may provide an important adjuvant method of evaluating the retina in a patient with a new change in vision or other concern on clinical examination.

![Ocular coherence tomography demonstrating a small retinal detachment and underlying fluid (arrow). Photo credit to Dr. Silas Wang, Massachusetts Eye and Ear Infirmary.](ONCO-25-e1109-g003){#onco13310-fig-0003}

Rare Toxicities {#onco13310-sec-0010}
---------------

Providers should be aware that several rare complications have been reported in a variety of clinical trials. These include liver toxicity, thrombosis, intestinal obstruction, pneumonia, and pneumonitis. Ongoing studies will help elucidate the risk of such rare side effects in individuals with NF1.

Future Directions {#onco13310-sec-0011}
=================

Several key aspects of treatment remain to be studied in MEK inhibition in the NF1 population. First, the studies presented to date have primarily been undertaken in the pediatric NF1 population. The efficacy of MEK inhibitors in PNs in adult patients has not yet been verified, but this class of medications may be less useful in adults, especially given that research has shown that PNs progress more rapidly in childhood. The efficacy of each of the individual MEK inhibitors in NF1 patients, as well as the frequency of side effects, is also not yet known. Preliminary evidence indicates that selumetinib, mirdametinib, and trametinib have efficacy in NF1‐associated PNs, but no comparison trials to identify relative benefit have been performed. Next, optimal dosing and length of therapy needs to be more carefully studied for the treatment of these unique, slow‐growing NF1‐associated tumors, as it is recognized that recommendations may be different than for other tumors/malignancies. Preliminary trials indicate that consistent dosing of MEK inhibitors, without long breaks, may be associated with improved tumor response in NF1 patients. Prolonged use is also likely to be necessary and may require dose adjustments to balance efficacy and toxicity. Important to note is the very limited information on the risks and side effects of long‐term use of MEK inhibitors in patients. The ideal length of therapy, risks and benefits of drug holidays, and risks of prolonged exposure have not been established. NF providers should use care in balancing side effects with potential benefits, as response is often not quickly apparent but may require many months of sustained therapy.

Counseling Patients About the Use of MEK Inhibitors {#onco13310-sec-0012}
===================================================

As with any therapy, potential medication effectiveness, side effects, and treatment monitoring should be thoroughly discussed in detail with the patient. Families should be aware of the lack of a response in some patients and the toxicities that may require immediate attention with possible cessation of therapy. Prior to initiation of treatment, a review of the recommended MEK inhibitor guidelines in Table [2](#onco13310-tbl-0002){ref-type="table"} is suggested. A patient information sheet may be useful to cover general topics of MEK inhibitor therapies and reinforce the most important aspects of their use (supplemental online Appendix [1](#onco13310-supitem-0001){ref-type="supplementary-material"}).

Conclusion {#onco13310-sec-0013}
==========

MEK inhibitor therapy appears to be beneficial for the treatment of neurofibromatosis type 1--associated tumors, including progressive LGGs and inoperable PNs. Therefore, MEK inhibition may represent a novel medical therapy in a disease population with previously limited therapy options. Although generally well tolerated, MEK inhibitors have potential toxicities that can affect treatment plans, limit patient compliance, and impact overall effectiveness. In order to maximize the potential benefit to patients, appropriate counseling of therapy risks/benefits, screening recommendations, and symptom control of side effects is paramount. Care should be taken to limit the time off medication, as interruptions in treatment have been associated with tumor regrowth. Long‐term use of these medications in individual patients may be warranted; therefore, appropriate monitoring for toxicity is critical. The early recognition of potential toxicities with appropriate dose adjustments is likely to result in lower risks of long‐term consequences. As further trials are undertaken in this patient population, specific recommendations for each individual MEK inhibitor are likely to emerge.
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